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extent and degree of hand OA involvement by radiographic assessment,
and radiographic measures based on anatomic locations and characteristics,
such as joint space narrowing, osteophytes, or subchondral erosions. The
presence of radiographic osteophytes in 10 selected joints (the 1st CMC,
PIP, DIP and 1st interphalangeal (IP) joints) in each hand, was used to
generate 2 sum scores: 1) Sum total number of joints with any osteophytic
change ranging from 0-20 (Total Count) and 2) Sum of osteophyte scores
(range 0-3) from each of the 10 affected joints in each hand involved,
ranging from 0-60 (Total Score).
Phenotypic data were transformed to reduce non-normality, if necessary.
The variation in each trait was assumed to be a linear combination of
covariates effects, genetic effect and residual variability. A variance com-
ponents approach was used and heritability was calculated. Age, gender
and BMI were included as covariates in the analysis to adjust for potential
confounding effect. We performed these analyses in the sample as a whole
and then, as a sensitivity analysis, repeated them restricting to Cauca-
sians.
Results: 136 probands with hand OA and their sibling(s) were enrolled. Of
these families, 150 siblings were enrolled. The majority of the probands
were women (123/136, 90.4%) with a mean age of 65.5±8.5 years, a mean
duration of disease of 11.7 years, and mean body mass index (BMI) of 25.8.
Among the siblings, 32% (48/150) were men with a mean age of 63.8±9.1
and mean BMI of 26.6. The families were 89% Caucasian. Table 1 shows
the heritability estimates for radiographic phenotypes, after adjustment
for age, gender and BMI. By anatomic location, the highest heritability
was seen with involvement of the 1st interphalangeal joint (h2=0.63,
p=0.00004), distal interphalangeal joints (h2=0.36, p=0.02), and proximal
interphalangeal joints (h2=0.30, p=0.03). The number and severity of joints
with osteophyte involvement was heritable overall (h2=0.38, p=0.008 for
number and h2=0.35, p=0.01 for severity) and for all interphalangeal joints
(h2=0.42, p=0.004 and h2=0.33, p=0.02). The severity of carpal-metacarpal
joint involvement was also heritable (h2=0.53, p=0.0006). Similar results
were obtained when the Caucasian sample was analyzed separately. Ra-
diographic features of joint space narrowing, subchondral sclerosis and
subchondral erosions showed lower heritability in this sample.
Table 1. Heritability estimates for radiographic phenotypes
Phenotype All subjects Caucasians only
Heritability estimate P-value Heritability estimate P-value
(standard error) (standard error)
IP Count 0.63 (0.15) 0.00004 0.70 (0.15) 0.00001
DIP Count 0.36 (0.1643) 0.02 0.36 (0.17) 0.019
PIP Count 0.30 (0.16) 0.03 0.28 (0.17) 0.04
DIP/IP/PIP Count 0.42 (0.16) 0.004 0.41 (0.16) 0.006
Total Count 0.38 (0.16) 0.008 0.38 (0.16) 0.01
IP Score 0.84 (0.14) 0.0000001 0.89 (0.14) 2.70E-09
DIP Score 0.18 (0.16) 0.12 0.16 (0.17) 0.17
PIP Score 0.16 (0.15) 0.15 0.14 (0.16) 0.18
DIP/IP/PIP Score 0.33 (0.16) 0.02 0.33 (0.16) 0.02
CMC Score 0.53 (0.16) 0.0006 0.63 (0.16) 0.0001
Total Score 0.35 (0.16) 0.01 0.36 (0.16) 0.014
Joint Space Narrowing 0.24 (0.16) 0.060 0.18 (0.17) 0.14
Subchondral Sclerosis 0.17 (0.16) 0.14 0.15 (0.17) 0.1849793
Erosions 0.12 (0.14) 0.20 0.13 (0.15) 0.20
Conclusion: In a population with clinical and radiographic hand OA and
their siblings, signiﬁcant heritability was detected for anatomic phenotypes
assessed radiographically by joint location, severity of joint involvement
with osteophytes as well as for overall number and degree of hand OA
involvement. These ﬁndings are in agreement with the strong genetic
predisposition for hand OA reported by others. The results support a joint
speciﬁc approach. More speciﬁc phenotypes may hold greater promise in
the study of genetics in hand OA.
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Purpose: The aim of this study is to dissect the genetics of osteoarthritis
(OA) in STR/ort mice. We therefore ﬁne mapped the OA quantitative
trait loci (QTL) previously identiﬁed in a genome wide linkage scan. We
here identiﬁed several candidate genes and analyzed in detail Sfrp1 for
functional polymorphisms associated with OA development.
Methods: In our previous genome wide linkage scan, 272 male F2 inter-
cross (STR/ort x C57BL/6) animals were at the age of 9 months analyzed
for osteoarthritic changes of the knee joints. The only OA QTL identiﬁed on
the murine chromosome 8 was here ﬁne mapped using an additional set of
35 microsatellite markers. Linkage analysis was performed using the R/qtl
software.
Genetic polymorphisms within one candidate gene - secreted frizzled-
related protein 1 (Sfrp1) - were identiﬁed by sequencing and comparing
the genomic DNA of C57BL/6 and STR/ort mice. Sequences included 1,358
bp upstream of exon1 and the three exons.
For Sfrp1 expression analysis, immunohistochemistry was performed on
thin sections of the hind limbs of 2 to 11 weeks old C57BL/6 and STR/ort
mice.
Results: Within the previously identiﬁed OA QTL we distinguished ﬁve
individual peaks, each of which signiﬁcantly correlates with the OA pheno-
type. The signiﬁcance level of the logarithm of the odds (LOD) was 2.09 and
the individual LOD scores of the peaks were 3.52, 3.26, 3.10, 2.89 and 2.65,
respectively. The chromosomal regions around the peaks encode genes
which are involved in early developmental processes. We chose to further
analyze the Sfrp1 gene - an antagonist of the Wnt signalling pathway -
which plays a crucial role during bone and cartilage development. It is also
homologous to FRZB which has previously been associated with human hip
OA.
The sequence analysis of Sfrp1 in STR/ort mice revealed at least one single
nucleotide polymorphism (SNP) within the promotor (C/G) and one SNP
within the leader sequence (G/T) resulting in an amino acid exchange
(Ala/Ser). We found another SNP immediately ﬂanking the donor splice
side of the second intron (C/G) and we identiﬁed a total of thirteen SNPs,
one deletion and two inserts (each with four nucleotides) within the three
prime untranslated region (3’UTR) following exon3.
The immunohistochemistry using a Sfrp1 speciﬁc antibody showed a
differential expression in the knee joints of C57BL/6 and STR/ort mice.
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In the C57BL/6 strain Sfrp1 is constantly expressed from 2 to 6 weeks,
down-regulated thereafter and absent at 8 and 11 weeks of age. In the
STR/ort strain, there is a more instable and ﬂuctuating Sfrp1 expression
over the time. In general the Sfrp1 expression appears to be lower in 2 to 6
weeks old but higher in 8 and 11 weeks old STR/ort mice in comparison to
C57BL/6 mice.
Conclusions: The identiﬁed OA-QTL contains the Sfrp1 gene which is
involved in the Wnt signalling pathway regulating the differentiation
of mesenchymal progenitor cells into osteoblasts and chondrocytes. Our
sequencing results imply possible differences in the protein secretion, at
alternative splicing and variable stability of the mRNA and include protein
dysfunction as well as differential regulation. We do show expression
differences of Sfrp1 in the knee joints of C57BL/6 and STR/ort strains which
suggest an altered Wnt signalling. All in all, this supports the concept of OA
resulting from disordered bone and cartilage differentiation processes.
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Purpose: Susceptibility to osteoarthritis (OA) may be determined during
different initiation and progression phases of this complex disease. To
determine the factors contributing to each of these phases, we have mostly
had to rely on animal models in which, unlike human OA, samples from all
phases are available. The Str/ort mouse is an inbred strain that develops
OA spontaneously with age, in which speciﬁc gene expression changes
may take place in articular cartilage (AC) during the different phases of
the disease. Our aim was to identify new candidates with pivotal roles OA
susceptibility, OA initiation and progression, by comparing gene expression
proﬁles in articular cartilage (AC) from Str/ort mouse knee joints (with age-
matched CBA mice as control) at various distinct, histologically-deﬁned,
stages of OA by microarray technology.
Methods: AC was isolated from left knees of 8-10, 18-20 and over 40
week-old male Str/ort and age-matched CBA mice using a micro-rongeur.
Right knees were used for histological scoring of AC lesions. RNA was
harvested in 4 independent replicates. RNA quality was assessed using
the Agilent 2000 Bioanalyzer system and subsequently hybridized to
Affymetrix© Mouse Gene 1.0 ST Arrays. After initial normalization, using
the RMA algorithm and exon summarization, data were analyzed using the
GeneSpring GX 11.1 analysis software and two-Way ANOVA, with a p value
of <0.05 considered signiﬁcant.
Results: Histological grading showed no differences in AC lesion severity
at 8wks, but expected increases in Str/ort mice compared to CBA at both
18 and 40 wks of age. The data were then ﬁltered on fold changes be-
tween different experimental groups and the number of genes signiﬁcantly
modiﬁed between the different groups were described in table 1. Overall,
differences between strains were stronger than within one strain over
time. With a fold change cut-off of 1.45 between Str/ort and CBA mice,
852 genes were differentially expressed at 8 weeks, 1530 at 18 weeks and
1131 in mice at 40 weeks of age. In addition, there were 116, 647 and 260
genes differentially regulated uniquely in 8, 18 and 40 week-old Str/ort
mice, respectively. Using the probe sets >1.45 fold-change between CBA
and Str/ort mice, and Ingenuity Pathway Analysis (IPA) software, we found
that the main biological functions and canonical pathways affected were
inﬂammation, immunological processes, skeletal, muscular and connective
tissues (disorders, development and function), cell cycle (proliferation,
death, cancer), cell signaling, metabolism and genetic disorders. Genes
differentially expressed in Str/ort mouse AC at all ages, included: Mmp13,
Fold changes Strain related changes Age-related changes
Str/ort vs CBA 8 to 18wks 18 to 40wks 8 to 40wks
8 wks 18 wks 40 wks Str/ort CBA Str/ort CBA Str/ort CBA
>1.45 852 1530 1131 203 62 151 57 256 175
>2 165 222 298 21 12 17 8 31 31
>3 45 53 53 2 2 1 3 4 7
>5 21 26 16
>7 17 16 15
>10 5 6 5
>20 1 2 1
Mmp3, Col10a1, Timp1 and Acan (Aggrecan); those uniquely differently
expressed at 8wks included Cilp and Dkk1; at 18wks Mmp2, Timp2, Ugdh
and Ctgf ; at 40wks Col2a1, Prg4, Cox2, Il1a, Tgfbi, S100a8.
Conclusions: Our data show signiﬁcant differences in AC gene expression
in CBA and Str/ort mice at ages that represent diverse phases of natural
OA, some of which have previously been shown to be modiﬁed during OA
development. Studying speciﬁc gene changes will allow us to deﬁne new
factors involved in susceptibility, initiation and progression in a model of
spontaneous OA. Conﬁrmation of gene expression changes between the
CBA and Str/ort mice and with age by q-PCR and immunohistochemistry
will help verify their authenticity as new targets.
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Purpose: Prioritizing candidate genes for gene-disease associations based
on experimental data is a common task in biomedical research. However,
sample numbers per biological condition or treatment may be too small to
obtain a reliable candidate ranking based on standard statistical methods.
This is a limiting factor for interpreting data from high-throughput studies
using microarrays. Here, we employ a new strategy combining expression
analysis and gene name literature mining to rank genetic probes from small
microarray datasets obtained from equine articular chondrocytes.
Methods: We used a two-step procedure to ﬁlter and rank candidate
genes based on standard Affymetrix microarray data obtained from control
cultures of primary equine articular chondrocytes and cultures exposed to
interleukin 1-beta (IL-1β) and the anti-inﬂammatory plant derived phyto-
chemical curcumin. First, genes with low variance across all samples were
ﬁltered out and the remaining genes were ranked using a statistical tool
that accounts for the uncertainty within on-chip replicate data for each
genetic probe. In the second step, we used text mining of the PubMed
database based on a controlled vocabulary to compute a ﬁnal combined
ranking score for candidate genes. To enhance interpretability and in-
crease robustness, we mapped top-ranked genes onto subcellular pathways
and identiﬁed the pathways with largest changes in corresponding gene
expression values.
Results: The 15 top-ranked genes identiﬁed included several genes already
known to be associated with the inﬂammatory pathways affected by IL-1β
and curcumin. Moreover, a network-topological analysis of the candidates
mapped onto a comprehensive human protein-protein interaction network
revealed that these genes have distinct topological properties in com-
parison to random genes, e.g. similar to known disease-associated genes
they displayed a signiﬁcantly higher connectivity (node degree) in the
network than matched-size random gene sets. Similarly, the top-ranked
de-regulated pathways had known associations with the biological condi-
tions and the subcellular processes of interest. To rank the genes according
to their association with Medical Subject Headings (“MeSH” terms) in the
literature, the occurrences and co-occurrences of corresponding phrases
in the PubMed database were counted to compute the ranking or Point-
wise Mutual Information score (PMI score). The genes with signiﬁcant
PMI scores included protein phosphatase 1a (PPM1A), glutamate-cysteine
ligase (GCLM), mitogen-activated protein kinase (MAP3K2) and nuclear
factor of kappa light chain gene enhancer (NFKBIA) with PMI scores of
5.91, 5.04, 5.02 and 4.6 respectively. Interestingly, the plasma membrane
Na, K-ATPase was one of the genes that was found to be signiﬁcantly
differentially expressed between the control, IL-1β and curcumin treated
chondrocyte cultures.
Conclusions: The results of the gene ranking, pathway and network anal-
ysis underscore that the combined gene ranking based on gene expression
and literature mining can proﬁtably be applied to small-scale microarray
studies and experiments with small quantities of clinical material. The
increased sensitivity achieved by combining gene expression and litera-
ture mining will facilitate data interpretation and enhanced prioritization
of candidate genes for further validation using quantitative, real-time
polymerase chain reaction studies and proteomics.
